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Abstract

Experiments were conducted at the Universit‘_v of Alberta Large Animal Metabolic Unit
using the Leéhnique (’)f;venous catheterization for determining blood amino acid concentrations.
A toial of twenty -four Yorkshire x Lacombe barrows (22 kg average liveweight) were surgically
prepared’ with perménem indwelling portal vein catheters. The proceduc involved the ‘
placémenl of a catﬁeler Jn the portal vein thus allowing qt;amitalivc measurements of amino
acid concehtrations in the portal Mood for an extended .peric?d o™i

| In the first expc;rimcm, eight of the surgically prepargd barrc;ws were used to Lest
duration of catheter patency and success of venous surgefy. f’atency spécess of venous
’cathelerizalion'was a function of the surgical proccdurg and the material that was used for
catheter construction. : | | ) .

kn the second experiment. the remaining sixygen barrows ware used to de jrmine the

' portal vein l,t'sine concemr’ationu when dietary lvsi'nc was su‘pplic'd in the brotein vound form or
‘when a porubn of the. protem bound lysine was replaced wuh free lysine. The result% indicate
that lhere were no differences (P>0.05) in portal lysine concentrations or time of maximum
lysine concentrations for plasma or whole blood when either form of lysine was fed.

The lhreonihe requirement, based on average daily gain and fecd convefsion, for
growing pigs (abproximately 18 to 55 kg) was determined in the third experiment. The
response in performance was measured in relation to stepwise additions of 0.05% threonine 10 a
basal diet. Twentv-four pigs (12 females and 12 barrows) were used in each of five dietary
treatments, ;fhe total lthreonine levels were as follows: 0.60, 0.65, 0.70, 0.75 and O.79%. The
digestibility of threonine was determined by the ileal and fecal énal_vsis method prior'to-a
growth trial with a total of 19 pigs. The ileal and fecal digestibilities of threonine were 56.9 and
19.1%, respectively. The total threonine reqﬁiremem for growing pigs in the present étudics
ranged from 0.70 t0 0.79%. Based on the supply of theonine. as determined ‘by the ileal and
fecal analysxs method, the requirement ranged from 0.44 10 0.53% and from 0.57 10 0. 66%

respectively. The present studies show the importance of taking into account the 1leal



. ' . . _
digestibility of threonine in the basal diet for an accurate determination of its requirement.
. : \

Key words: amino acid concentration, portal vein catheterization, free lysine, fecal and ilcal
+

amino acid digestibilities, lhr):onine requirement, feed conversion efficiency, average daily gain,

swine.

.
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1. Introduction

necessarxly resuh in protein utilization 51m11ar LO that-obtained with the protein supplement(s).
* The utilization of free lysine by growing pigs fed onCe.dai]v was lower than when the same
amoum and source of lysine was fed in six equal poruons at three hourly intervals. It is
suggested that this response is due to the differential rates of absorption of free lysine and
protein bound lysine, resulting ﬁan unbalanced‘supply of“amjno g.cids at the site of protein
synthesis with infrequent feedingi Amiho.écid requirements hre usually determined by
, P .
‘measuring growth responses o the stepwise additions of the amino acid in questibn to a basal
diet giefiéiem in this émino acid. Consequently, if differences in the rate of absorption of free
and protein bound amino acids exist, anﬁno acid requirerhems may be over-estimated if once
‘ daily feeding syfgiems are used. In addition to the prewous coh51derat10n amino acnd
requirements will be dependant on the dlgesubxht\ of the amino acid in the basal diet that is B
used in the studies. In the past, the digesti/b‘?lities of the amino acids were determined with the ’
fecal 'anal’y:si‘s meihod. Thi‘s method of determining amino acid digestibilities only considers the
di(ference between the intake ahd the excretion in feces. However, this method does not take
into account ‘the modif_ving action of the“‘the microflora in the lqrge‘imesnine ‘on protein
digestion and absorption. For these reasons, amino acid digestibilities should be determined.
‘wivth th_e iieai analysis method. Amino acid digestibilities deterrhinedv by the iieal analvlsig :
method are based on the mtake and the amount of amino acids passmg Lhrough the distal part
of the ileum in pigs fitted a simple-T or re- emram cannula.
The ob]ecuves of the followmg studnes were.:
’ (1. ) 10 prepare pigs wnh permanem mdwellmg portal vein catheters to determine whether
IQJne concent{atlons and time of rhaxxmum ‘lysx‘ne appearance differed when either all the

dietary lyysihe was supplied in the protein bound form or when a portion of ’the dietary lysine

was supplied as free lysine, and

\ ~

. W oo
(2.) 10 determine the extent to which amino acid requirements (threonine) are dependant on




the digestibility o/ the amino acid in the basal diet.
hd

s
§



II. Insertion of a Permanent Indwelling Portal Vein Cathetbr.

o

A. Introduction
- . . A .
Many methods have been employed for studying nutrient absorption in the pig. These

“include serial slaughter, intestinal cannulation and blood vessel catherization (Rerat, 1981). Nlo

.

method alone gives an unequivocal measurement of the amount of nutrient absorbed, only

‘estimates can be obtained. ' ¢
Recently, the measuremém of protei'n digestion prodticts '(sm’all‘ peﬁu’des and individﬁa]
amino acids) have been studied in}f‘he portal blood (Rerat et al., 1976). Permanent
catheterization of the hepatic poria] vein has allowed for measurements of changes in the
post -prandial blood concentrations Qf.nutrients, as v?rtual]'_v all a?sorbed nutrients pass through
this vessel (Arsac,and Rerat, 1962). ’ E
Changes in Hepatic portal blood concentrations of -amino acids reflect the simultaneous
: pro’cessesbof digestion ahd absorption of the feedstuff an(; of metabolism occurring in the
gastrointestinal tract wall. Therefore, the amino acxd concemrauons in.the hepatic portal blood
represent amino acids from both dletarv and endogenous origin.
Research emploving portal vein catheters has met with varied success. Problems

v

associated with portal vein-catheterization often result from catheter malf unctioﬁ. However,
catheter patency durations ranging from two weeks 10 several morﬁhs (Herd and Barger, 1964;
Shimada and Zimmerman, 1973; Withey et al., 1973; Knipfel etal., 1975) have allowed for
extenswe measurements of nutrient absorpuon in the hepatic portal blood.

The objective of the present experiment was to surgically prepare pigs with permanent

_indwelling portal vein catheters that would remain paten( forv at least 2] days and allow for

continuous and painless blood sampling from conscious and unrestrained pigs.

~



B. Methods and Materials

Catheter Design
The catheter was prepared from 100 cm l(jng polyvinyl chloride tubing (Argvle. St.
Louis, MO, USA) with an outside diametér of 0.09 cm. Two cuffs, 5 mm in length with an
outside diameter of 0.09 cm, were p]aced 3 and 5 cm distal to the catheter insertion tip (Figure
IT.1A). After the cuffs were put 0;1 the catheter, their positions \}vére ﬁ‘),ged by, placing a drop
of cyclohcxaﬁone on the slit in eacﬁ cu.ffb. This type of catheter preparation was previously
described bv Katz et al. (1969). Thchcathcter lip was rounded to prevent damage to the vessel.

£ 4

Animals o ‘//
Eight Yorkshire x Lacombe bal4q§vs (20 kg average liveweight) were }xsed in the

experiment. The pigs were individually h{)used in adjustable stainless steel métabolic cages in

" an enxironmemally controlled barn with continuous light and an air temperature of 23 * 1°C.

An 18% crude protein pelleted starter diet (Tdble 11.1) and water were supplied ad libitumn. The

pigs were allowed to adapt to the metabolic cages and new conditions for-seven days prior to

surgery.

‘\‘

Surgical Procedure '
- Feed was withhgld from the pigs 24 hours prior to Surgery. General anesthesia was
induced with halothane (2%)-oxygen administered by inhalation through a face maﬂsk.
Standard aseptic techniques and surgical procedures were efn'ployed.
The pig was placed supine on the operating table with its front and l;ack legs tied to the
table. The ventral region of the abdomen and the lateral aspect of the rib cage were shaved.
All surgica]vf ields were scrubbed with an iodine solution and rinséd with 70% ethanol. The

-

entire pig was draped leaving only the area of the surgical incision exposed.

©



A midline incision, approximately 15 cm long, was made through the skin c;ommencing_
approximately 2 cm below the xiphoid cartilagve and extending approximately 2 cm distal to the
umbilicus. The wound opening was enlarged by blunt dissection of adhering subcutaneous
Adipose tissue. The rectus abdominous muscle was opened by blunt dissection until the
peritoneum was reached. This was followed by a 10 10 15 cm ipcisi.dn in the peritoncum.
Theréafter. sterile saline (0.9% sodium chloride) was poured .imo the peritoneal cavity and
aropnd the wound edges. 'Sal>in‘e moistened 'pads (Telfae, 10 cm®, Kendall Canada. Jorqmo.
Ontario) were placed ovér the wound edg"es facilitating abdominal retraction and complete °
exposure of the abdbminal contents.

The(%tomach and small intestine were ;epositioned lO the left side of the peritoneals
cavily and restrained. The lobes of thé liver were raised and the common bile dugtrwas seen in
the hepaia-duodenal ligament. The portal veiﬁ, close to the l{le duct, cominueé cranially to
enter the liver. The portal vein was located 3 to 5 cm caudal 1o the liver deep witﬁin\th’e
abdominal cavity. 'Once located, thclvcin was immobilized by placing a thur;xb and mdcx finger
around it. This also proved to be an effective method 'for Qu'westing blgod flow and preventing
excessive blooq loss when inserting the catheter. Upon .i‘solationv of the portal vein, a purse
string suture of 3-0 silk was placed distal to the point of the portal vein entry into the liver and
a #11 blade was used for making a small incision (2-3 mm long) in the vein through which the
cuffed catheter was inserted. | '

Prior to insertion, the catheter tip was di'ppcd in a 7% TDMAC heparin complex
(Polyscience Inc. Warrihgton, PA USA.) and filled with‘heparin'ized saline (40 units of
sodium heparin/ml). The catheter was advanced through the lumen of the veir& in the direction
of bleod flow for 3 cm or until the first cuff had been fu'lly inserted- ~The purse string suture
was tied to secure the catheter. An anchoring suture of 3-0 silk, placed 3 cm from the poiht of
catheter entry iﬁto the vessel, was used 1(\) secure the catheter to the meéemery.

The catheter was placed loosely in the abdominal cavity and the liver and abdominal

contents were returned to their midline positions. The catheter was exteriorized by drawing it



"

through a 1 cm incision in the muscle laver and tunnelling it subcutaneously through a stab
wound between the [ifth and sixth rib along the right lateral aspect. The insertion of the
catheter in the portal vein is shown diagramatically in Figure I1.2. A final check for
haemostasis was made prior to closing the incision and 100 m} of sterile saline and 15 ml of
oxytetracycline hydrochloride were placed in thé peritoneal cavity.

The peritoneum and muscle layers were closed seperately using interrupted sutures of
2-0 chromic catgut. Thc, skin was closed wi;h an ;nlerrupted vertical manréss suture using 2-0
coated nylon, ensuring no overlap of the dermal layers in apposition.

~ The exteriorized catheter was flushed with heparinized saline, stop-cocked and placed in

a poiy’gthyléne bag containing zepharin chloride. The polvethvlene bag v:'as further placed in a
cotton bag which was sutured 1o the side of the pig.

Upon completion of surgery, the pig was immediately returned to the metabolic crate
" and allowed 1o recover. The pigs received 4 ml of oxyletracycline hydrochloride
intramuscularly for 5 days following surgery. Thé starter diet and water were supplied ad
libitum 10 the pigs for 6 days. Thereafter, the pigs were fed 1000 g of the experimental diet

once daily at 0800 hours for 2 weeks.

~
Blood Collection
Blood was collected from each pig after feedmg on days 7 and 14 of the experimental.

period at various mlervals for a 24 hour duration. The catheter was remmm the
'polyeth};lene and cotton bags and the adaptor was rinsed with sten]e saliné. A 10 ml syringe
| b u’as:itiacfaed&oa f&lga'uge‘hypédermic needle and 2 ml of heparinized saline was slowly infused

’ mté Theba’thc;éi’ tofgr;)mpt blood flow. A 1 ml volume of blood was withdrawn and disdrded.
Asecond _syerjlefhee.dle-and syringe were used to collect 10 ml of blood. After the blood was
w&thdrawn, the catheter was ﬂﬁshed with 2 ml of heparinized saline to remove remaining traces

of blood and to prevent the catheter from plugging. A final 3 ml of hepariflized saline was

infused into the catheter until further blood sampling. Packed cell volume determinations were



made lollowing each blood sampling.
C. Results and Discussion
The entire surgical procgdure was completed within one hour. The pigs regained
conséiousnesg within 15 min;nes after'djscontin/uing the anesthesia by which time they had been
returned to their metabolic crates. Recovery from surgery was rapid. The p_igs consumed the
_ starter diet and drank water within 10 hours after surgery. Three days afhter the cofnpletion of
surgery the pigs were consuming 1000 g of the starter diet. |
‘Post:surgical complications were encountered. These iﬁcluded intestinal hernias and

/
infections. Intestinal hernias were the result of cither an inadequate number of sutures used in
closing the abdominal muscle lavers or suture bréakage along the muscle laver. In both cases,
Lhe viscera weight caused the intestines to protrude through the pemonqum and between the
—

muscle and the dermal lavers and consequently, repcated surgery was requ1red The dcrmal and
muscle layers were reopened along the original incision line and the intestines repositioned.
Closur‘e of the dermal layer was as previously deséribed. Adhesion formation between the
musclcvénd dermal layers‘ was rapid and therefore repeated surgery was performed quickly in

-

order to reduce any further tissue damage. )

As wuh all permanent indwelling venous catheters, infection was of prlme concern,
After approxlmatel\ ten days post-surgery, localized skm infections appeared at the point of
exteriorization of the catheter; these were characterized by the formation of pus. This was'
difficult 10 avoid because this is the point of catheter contact to the external environment. “To
minimize infections the skin area surrounding the catheter exit from the body wall was cleansed

¢ \

with warm water and a dilute 3.0% hydrogen peroxide (H,0;) solution twice daily.

In genera], the post-surgical complications were not characterized by vomitting or
inappetehce. However, one animal showed signs of inappetence and weight loss and died. A

post-mortem examination revealed intestinal strangulation by the catheter. As a result, the

small intestine had atrophied and the stomach was distended. Thereafter, extra precaution was



taken to prevent the catheter from pwisting and causing intestinal blockage by ensuring proper
alignment of the viscera and catheter prior to abdominal closure.

Subcutaneous wound hcaling was rapid. The length, depth and breadth of the incision
were all favourable 1o enhance trouble free healing of the cutaneous wound. Ordman and
Gillman (1966) suggest thal'in pigs the dermal part of an incision is scaled off from the
external environment by new epithelial cells within 24 hours of surgery. This was clearly ’v
evident 24 hours following the insertion of the portal vein catheter, |

The portal vein was adequately exposed through manipulation of the small intestine and
the liver. However, becausc of the depth of‘thc portal vein within the abdominal cavﬂ_\' and the
small surgical workspace. it was oficn neeessary Lo exteriorize a considerable portion of the
small intestine. This presented a complication because once exposed, the small imcstiﬁe dried
rapidly and adhesion between sections of the small intestine resulted. However, this problem
was avoided by pl’acingvsalinc soaked gauze over the exposed intestine and pouring saline in‘toﬁ
the abdominal cavity brior lo closure. .

DifTiculty arose during surgery when there was excessive loss of blood through the

»

portal vein incision, making catheter insertion difficult. if not impossible. The polyvinyl

N ¥

} cq?lorgdf; ggtheter did not remain rigid and‘ as a result, the catheter became soft and pliabie thus

-making insef%idff‘%ii&:ﬁigmh. However, once inserted, the purse string suture around the catheter
was tightened and the catheter was secured in the portal vein. An anchoring suture placed 3 to
5 cm at the end of catheter entry into the vein was necessary to ensure the security of the
catheter in the abdomin;i ca\}ity.

Duration of catheter patency varied. The maximum patency attained using this type of
polyvinyl chioride catheter was 28 days; with an average palency of 15 days. The most
common cause of patency loss was clot formation at the tip of the catheter. However, on
occasion catheter patency could be re-established by threading 4 small sterilized wire guide, the
same length as the catheter, through the catheter to dislodge any clots that had formed on the

tip.
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The material used to construct the catheter may have caused the short patency

duration. Prolonged patlency has been suggested when catheters are constructed from Si'iastiC@
(Dow Corning Canada Inc. Mississauga, Ontario) tubing rat,hcr,xhan"from polvviny) chloride
or polyethylenc chloride tubing (Withey et al., 1973). The prolonged patency durati#on is
believed to be due to the chemical nature of the Sila.s[icm matcrial. Silastice has the advantage
of being virtually non-reactive to body fluids and tissues because it is an extremely inert |
material (Docring et al., 1967). As a result, Silastice tubing is very resistant to clotting,
sticking and incr_ustalion and consequently, patengy and blood llow are rclau’vcl_y casily
maintained (Sherwood, 1965). In the future. the catheter will be constructed from polyvinv}
chloride with the addition of an § to 10 cm Silastice’ covering over the insertion end of the

catheter (Figure 11.1B) . This will, 10 some exient, eleviate the problems of incrustation and

clot formation over the catheter tip and prolong patency for up to two months (R.J. Early;

ersonal communication).

The catheter design incorporates an important feature. The fixed cuffs, along with the
purse string suture, were used to immobolize and secure the catheter in the vein. However. this
design feature mayv be difficult to use iflthe cathetcr’was inserted into the portal vein through a
branch of the anterior rﬁésenlcric vein. Suturing a cotton pouch 1o the sidc of the pig was an A
effective means of both keeping the catheter clean and preventing the pig from physically ¢
disruplinglthe implanted catheter. This preparation caused ho apparent pain to the animal and
infection did not result.

Post-mortem examinations were performed on pigs in which catheter paiéncy had been
lost. With the one exc'cpu'on that was previously mentioned, there were no signs of intestinal
adhesions or blockage. Tﬁe catheter remained secure in the portal vein and the area showed
little evidence of surgical trauma. Post-mortem examinations of pigs, in which patency had
been lost, showed that a fibrous clot had formed around the catheter tip or inside the catheter.

This problem may be avoided in future surgical preparations by using a Silastice tipped

polyvinyl chloride catheter. In general, post-mortem examinations revealed that the surgical
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procedures caused little internal trauma 10 the pig. Other investigators have also reported that

surgery of this nature causes little physical trauma to the animal (Rerat et al.. 1980).
At the end of the experimnent. the remaining pigs were returned to communal pig pens.
é!removcd by cutting the suturesg The cathéter was rcmoved‘by

‘.

pulling it taut and burning the catheter (thus closing it) close to the pigs' body,

The cotion catheler pouch w

Continuous or discontinuous blood sampling using permanent polyvinyl chloride
catheters aﬁpcars to be a valuable tool for the chronological estimation of the appecarance,
concentration and tissue distribution of nutrients or other substances (for example, drugs) and
can be applied to pigs of any sizc. However. there is a nécd to find new material for catheter

construction which will allow for blood collection of longer than a two week duration.



Table 11.1 Formulation of the starter diet.

Ingredients, %

s

Wheal 250 '
Barley . . 25.0
Oat groats 25.0
Sovbean meal 18.0
Tallow ' 3.0
Dicalcium phosphate 1.5
Calcium carbonate 1.0
Mineral/vitamin mix' 1.0
Todized salt 0.5

'Th& mineral/vitamin mix provided the following per kilogram of diet: 120.0 mg zinc; 48.0 mg
manganese; 100.0 mg iron; 10.0 mg copper; 0.1 mg selenium; 7500 1U vitamin A; 700 TU
vitamin D: 45 IU vitamin E; 12 mg riboflavin; 40 mg niacin; 27 mg calcium pantothenate; 28 ug

vitamin B,,.
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A -polyvinyl chloride catheter; B-Silastice tipped polyviny! chloride catheter:

C-fixed cuffs; D-Silastice tubing

Figure 11.1 Portal vein catheters.
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A-liver; B-stomach; C-catheter; D-partal vein; H-sgecn; F-gall bladder
Lt
G-small intestine; H-large intestine,

Figure I1.2 Placement of a cuffed catheter ic. the portal vein of a pig.
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I11. Effects of Dietary Lysine on Blood Lysine Concentrations in Growing P\Qgs.
N . ! B
A. Introduction

s

The partial replacement of protein supplemenis by a synthetic amino acid in cereal
based diets (until the next émino acid becomes limiting) doés not neéessarify resul[ in protein
utilization or pig performance s‘imilar 1o that obtained with the protein suppleméng§. Rerat et
al. f1976) suggest that this may be due to differences between the rate of absorption of the
freg;y)ino acids compared with amino acids consumed in the form of protein.

< Buraczewsk‘a et al. (1978) and Buraczewska et al. (1980) showed that when pigs were
fed a basal diet supplemented with synthgtic lysine; the rate of passage of the synthetic ]ysin"e
from the stomach to the small intestine was faster than tvhat of the dietarv protein. These
results agree with those previously cited by Rolls et al. (1972) who showed that in studies with
Tats, free supplemental émino acids were absorbed faster than those derived from the proiein
source. . |

Batterham (1974) and Béuerham and O'Neill (1978‘) have shown’that the utilization of

free lysine by growing pigs fed once daily was lower than when thé same amount and source of

@ |vsine was fed in six equal portions at three hourly intervals. It was suggested that infrequent

t feeding resulted in differential rates of absorp‘;\_‘fon of free lysine and protein bound amino

“

acids, resulting in an unbalanced sﬁpply of amino acids at ihc site of protein sy'mhesis..

Itis generally assumed that the inclusion of free amino acids ingo a grower pig diet
results in the full utilization of the amino acids by the pig and therefore requirements are
rominely'determined by growth respbnses to the'addition of the supplemental amino acids.
However, if differences in the a'bsorptitm of free and protein bound amino acids do exist,
amino acid requirements based on this criteric}n may be over-estimated if once daily feeding
systems are used. In additi’bn, the high expense of incorporating éynthetic amino acids into

. .

diets would make-it nutritionally and economically desirable to determine a means by which a

larger portio‘n of the supplemental amino acid cofild be utilized.

16
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The objective of the present study was to determine whether lvsine concentrations-and
time of maximum lysine appearance in blood from the portal vein differed when either all the
dietary lysine was supplied in the protein bound form or when a portion of the dietary lysine

4 |

"was supplied as free lysine.
B Materials and Methods

Animals

Sixteen Yornkshir“c x Landrace b- s (22 kg ;veraée liveweight) were surgicél]‘y :
prepared for biood collection. The pro?édure involved the insertion of a permanent indwelling
‘pol_vvin};l chloride catheter into the portal vein. Following sﬁrger}' the pigs were individually
housed in stainless steel metabolic crates in an environmentaliv 'comrolled barn (‘conlinuous
light ané& an air témperaturc of 23 + 1°C) and allowed a 7 day recuperation period. During this
time, the pigs were 1ra?n§i to consume 1000 g of an experimental diet withi,%a one hour period.
Water was supplied ad libitum f;om a low pressure drinking ni’pple.

The sixteen animals were used in a complete randomizea block design and fed 1000 ¢ c;f
an cxperimental diet once dai}y at 0800 hours for a 14 day period. The formulation of the diets
and perimate and amino.acid ana‘lyses are shown in Tables IiI .1 and IT1.2, respectively. The
diet allowances were adjusted every thr‘ec days, increasing by 100 g per 2.5 .kg liveweight gain,
~after individually weiéhing each pig. Both diets were formulatg:d to meet the National Academy
of Sciences-National Research Council (NAS-NRC 1979) récommended nutrient requirement
levels and were fed on an equal lj’sine bésis. Diet 1 supplied all the NAS-NRC (1979) lysine

requirements in the protein bound form whereas diet 2 supplied a portion of the lvsine in the

synthetic form, at the expense of soybean meal.
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Blood Col‘lecteion

Blood was collected from each pig on days 7 and 14 (catheter pétenc_\' permitting) of
the experimental period. Blood was samﬁled over the whole pe‘“rjipra‘mdial period. Collections
were performed at one héur and one half hour prior to feeding at 0800 hours. Immediately
after feeding blood collections wér_e continued at half hour intervals for a period of 4 hours.
Between 1200 hours and 1500 hours blood collections were performed at one hqur intervals;
from 1500 hours until 2100 hours. blood collections were taken at 2 hour intervals. fhfee final
blood collectigné w;:re performed at 2400, 0400 énd 0800 r;ou'rs.

A 10 ml volume of blood was drawn into a heparinized svringe for each collection and a
haematocrit value (PCV) was immediatel_y detcrmined. Whole blood (3 ml) was transferred
into a 5"m1’ plastic vial containing approximately 20 mg of sodium fluoride and stored at -23°C
until further analysis. The remaining whole blood (7 ml) was centrifuged ét 2,500 » g at 4"C
for 10 minutes and approximately 3 ml of plasma were decanted imc\» a vial containing

approximately 20 fng of sodium fluoride and stored at -23°C until further analysis.

Analyticai Procedl;rés‘

Analysis of protein (N x 6.23) in ihe diet was determined by the Kjeldahl method of
analysis according to the Association of Analytical Chemists (AOAC, 1980). Blood samples
were thawed at 21°C three hours prior to analvses. Blood and feéd amino‘ acids were determined

by gas liquid chromatography according to the methods described by Pearce (1981).

Reagents

An amino acid standard solution _fo'f protein hydrolysates (2.5 umole/m} of each amino
acid; AA-S- 18): L -norleucine (internal standard) and Dowex 50W.1-X8 cation exchange resih
(200-400.@ry mesh. H- form) were purchased from Sigma éhemical Company (St. Louis, MO,
USA). Hepléﬂuorobutyric anhydride (HFBA) was obtained from Pierce Chemical Company

(Rockford, IL, USA). Isobutanol-3N HCI was redistilled before use and stored at room
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temperature in a pyrex reagent bottle with a ground giass stopper. Other fcagcms were

prepared according to standard laboratory techniques.

Standards
A 10 mM stock solution of 1 -norleucine was prepared and stored at 4°C until rcqulred
at whxch time a 100 uM working solution served as an internal standard A 100 uM amino acid

standard solution was prepared, stored at 4°C and used as needed.

Cation ‘l‘,xchange Resin Rrebaration

| The cation exchange resin preparation was modified from the procedures described by
Kaiser et al. (1974). Equal volumes of cation exchange resin and dei.om'zed watdr were mixed
:and stirred for 30 minutes. The water was ddca.med and an equal volume of 2N NaOH was
added. The resin slurr\ was stirred for 30 minutes, washed thrice with deionized water and 2N
NaOH was again added. The cation exchange resin -was washed ten urrées with dexomzed water
to remove the alkali and 1o attain a neutral pH as measured on a Béckman Model 4500 digital
pH meter. The regc'nerapioh Qf‘ the resin to its H- form was accompiished by adding an equal .
volume of 2N HCl and stigring for 1 hour. The addition of 2N HCI to the resin was repeated

~ twice. Volumes (200 m!) of deionized water were used 1o wash the cation exchange resin until

neutrality was reached. The cation exchange resin preparation was stored al room temperature

&

in a capped glass bottle. .

‘Cation Exchange Column
A23 mm Pasteur pipette served as“a‘cation exchange c.ollumn into which a glasl's«WOol

plug and approximateliy 200 ul of cation exchange resin were added. The column was washéd

odce with deiom‘zed walter prior to the. addition of a sarhple. After the samples had passed

, through the column, the column was discarded.



{2

20

Cation Exchange Clean Up

Equal volumelsf(O.S ml) of 100 uM no‘rlcucine and plasma or whole blood were‘acAided to
16 x 100 mm Borosilicate glass disposablé culture tubes. T'hc sample was-deproteinized by the |
addition of 4 ml of 10% TCA. The sample was centrifuged (2,500 x g at 4°C for 10 miantes) 1o
precipitate blood protein. The s'upernat‘am was passed through the cation exchange column
which was then wasiled once with distilled water. The effluent Qaq discarded. Two additions
of 2 ml of NH,OH were passed through the column and the effluent containing frec amino
acnd< was collected in a 13 x 100 mm screw cap culture tube.

»o

Derivative Preparation | "~

Preparation of the derivati}/"es-’&rés modified rfrom the procedures described-by Pearse
(1977): All derivatization ste.ps were performed in 13 x 100 mm screw cap culture tubes with
TFE lined caps. Excess reagents were evaporated in an oven at 110°C. When reqﬁir.ed, nitrogen
was used for pur.ging the headspace of the vial. : R |

"The 4 ml NH,OH ef.ﬂuem collected in the culture tubes was dried by evaporation for 12

hours in a 110°C oven. Isobutanol-3N HCI (0.5 ml) was added and after purging the

headspace. the \}ial was capped and healgd ina 110°C ovenfor 1 hour. After cooling 10 To0m

_temperature, the cap was removed and excess reagent was evaporated. Heptafluorobutyric

anhydﬁde (100 ul) was added, the headspace was purged and the vial was capped and heated at
110°C vfor 30 minutes. The sample was then cooled at 4°C for 15 minutes prior to injecting 1 to

5 ul onto the capillary column.

Chromatography

Amino acid analyses were performed using a Varian model 3700 gas chromatograph
fittéd with a flame ioni;ation detector and cont@iniﬁg a30m x_O.ZS mm fused silica SE-30
capilllary column (film thickness, 0.25 um; J and W Scientific Inc., RanchoCorddva, CA,

USA). Injector and detector iemperature were both 250°C. The oven temperature was
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programmed 1o rise from 100° to 265°C at a rate 0F16"C per minute. A 1:50 split injection mode
was used; the carrier gas (nitrbgen) flow rate was 0.75 ml per minute through the column and
the make up gas (nitrogen) flow rate wéé 30 ml per minute through the detector. The air flow
rate and the hvdrogen flow rate to the FID were 300 and 30 ml per miﬁutc, res?‘)ectively.

" Retention ﬁimes and peak areas were obtained using a Hc‘w‘leu-Packard Series 3353
Laboratory Automation System (Avondale. PA, USA). ‘Relative molar response factors
(RMR) and rélativc Concemrq’tions werce calculated as the ratio of amino acid peak area to the

. . 4 , , , i
norleucine internal standard peak arca. The arcas were graphically recorded using.a Fisher ¥

Recordall Series 5000 recorder (Fisher Sciémiﬁc Co., Edmonton, ALTA, CANADA).

Feed Protein Hyvdrolysis

'F‘ift,\' mg of feed, ground through a 1 mm screen, were weighed into a 13 x 100 mm
screw cap cullure tube, Fivé ml of redistilled 6N HC werc added, the culture tube wés purged,
~and capped tightly with a TFE lined cap.

‘ The feed samples were hydrblyzed in a forced-draft oven at 110°C for 24, 48 and 72
hours‘f Upon completion of hydrolysis, 0.5 ml of 10 mM norleucine interna! standard was
added to the cooled hydrolysate. The sample was transferred 10 a 125 ml round bottom flask
and dried under reduced pressure at 70°C with a rotary evaporator. The dry residué was
Teconstituted .Wilh 10 mi of distilled water and stored at -23°C until amino acid analysis was

performed.

Amino Acid AnalySis

A 200 ul aliquot of the feed hvdrolysate or of the amino acid standard was placed into a
13 x 100 mm screw cap culturé tube. The sémple was dried at 110°C -in a forced -draft oven.
Isobutanol-HC1 (0.5 ml) was added to the dried residue. the tube was purged with nitrogen
gas, tightl‘y capped and heated in a forced-drajf[ oven at 110°C for 30 minutes. Following

esterification of the amino acids, the isobutanol-HCI solvent was removed by evaporation at
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110( Hcptaﬂuorobud anhydride (100 ul was added, the tube purged with nitrogen gas,
capped ughtl\ and heated at 110°C for 30 minutes. The solution was cooled to 4°C before 1 ul

was injected onto the gas chromatograph.

Statistical Analysis \

The data were slatisticall;»' analyzedtusing a multiple regression calculation on the time
of maﬁimum' lysinc concentration. A quadratic equation was used 1o oblain a best fit for the
.data. A two-way analysis of variance was used to test for significant clif'{'erences between time

i

and lysine concentration in plasma and whole blood.
C. Results and Discussion

The results indicate that the time at Which the maximum concen'[ralion of lysine in the
portal vein was reached was not significantly (P>0.05) different when lysine was fed in the
protein bound or free form. The portal concentrations of lysin‘e ’with respect Lo time were
scattered throughout the observation period and showed no definite response patterns to the
source of lysine. The peak plasma lysine conceﬁtrations of pigs fed protein bound (n=4) and
free lvsine (n=6) were 349 50 and 633 =125 umole per lurc and were reached at 117 and 104
minutes after feeding, respecuvc]) The peak whole blood lysine concentrations of the protein
bound ahd synthetic lysine were 395 £56-and 436 =63 umole per lilcr and were reached at-109
and 116 minuleg after feeding, respectively (Figure 111.1).

In s'tudie.s with rats, Goldberg and Guggénheim (1962) observed that the maximum
a;nino acid concenbtration in the plasma of the portal vein was obtained 30 m‘inuLes after the
ingestion of a protein meal. Re‘r&x et al. (1976) suggesied that in pigs. the increase in the level
of circulating amino acids can be detected as early as 30 minutes af[ef the ingestion of a pro;ein
meal depending on the quamity and r;éture of the protein fed. In the present experiment,

maximum plasma and whole blood concentrations of Iysine peaked at approximately 110

minutes-after feeding and declined‘linéarly, reaching their lowest concentrations or baseline



values between 7 1o 12 hours after feeding.

There are conflicting reports on the relative rate of absorption of protein bound and
free amino acids. In rats, Gupta ct al. (1958) and Rogers et al. (1960) found that protein
bound and free amino écids were absorbed at approximaiely the same time. In contrast, Rolls
ctal. (1972) showed that in r‘als the absorption of fTee amino acids was faster than amino
acids in'protein. Similarly, Waltz (1972) showed that in pigs fed an oat based diet, svnthetic
lysine was absorbed faster than amino acids in protein.

In the present study, there was considerable variation in the results among pigs a‘nd
between pigs on the same dietary treatment, making the results rather difficult to interpret.
Possible cxplanations for the variations may be due to the individual pig responses 1o the diets.
Between treatment variation in lvsine concentrations in the plasma {rom the portal vein were
expected due to the different lvsine sources in the diets.

The products of protein digestion are aﬁsorbcd and transported in the blood to various
tissues as free amino acids or small peptides. Therefore. levels of free amino acids in lh»e portal
plasma would be expected 1o be a reasonably accurate reflection of the dietary proteins and
amino acids that were digeéted and presumably made availablc to the pig. However, amino acid
uﬁlizau‘on is dependant upon the phvsiological state of the animal and on the buffering capacity
of the body's metabolic pool. For example, increases in tissue protein synthesis result in the
removal of free amino acids from the circulating bloéd. whereas protein catabblism causes a
temporary increase in the level of free amiﬁo acids (Pion, 1976). Awffxrthcr consideration is
that plasma is a dynamic tissue and the amino acid concentration measured at any one tir;e is a
balance between the supply and the removal of amino acids from the blood (McNab. 1980).

Blood flow rates increase after feeding (Braude et al., 1970) and a concomitant increase
in the removal of amino acids from the small intestine without measurable diffcrentes in the

‘amino acid concentrations in the portal blood are posssible. Therefore, caution is needed when

interpreting plasma amino acid concentrations in the portal blood.
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Surgical preparations involving catheter insertion in the portal vein arc unlikely to cause
serious ;;hysical trauma 1o the pig (Rerat ct al., 1980). However, when blood samplcs are
withdrawn, the presence of a sampler may place a stress upon the pig resulting in the
breakdown and liberation of the amino acid from séurccs other than those of dietary origin.
Blood flow measurements were not made and radioﬁ-isolopes were not uséd, therefore
conclusions on the source of lysine (that is. free lvsine, protein ‘bound lysine or the release of
*lysine from tissues or endogenous sources) cannot be made.

When conducting cx‘p'crimenls using blood parameters, consideration must be given 1o

« the quantity of blood withdrawn from the animal per experimental périod, as well as the
-

recovery time required between experiments. The use of discontinuous samplving in"the present

study required that a large volume of blood (10 ml) be withdrawn per sagnplc. As a result of

the rapid increase in portal amino acid concentration during digestion, ar;d ir; order to obtain an

accurale evaluation of the changes in amino acid concentration with time. i easno oossary to

have closely spaced sampling inlcrvals' for the first four hours after feeding. The length of time

needed for the digestion of "‘Some proteins (Pion et al., 1964) required continuous sampling over

a 24 hour period. A sampling duration of this length, and the volume of blood required per

sample, resulted in the removal of a total of at leas} 250 m! of blood _from each pig during each

Lcsl(period. The haematocrit value progressively decliﬁed from appr;ii}ﬁzlely 40 10 30 (on |
average) over the 24 hour sampling duration. Therefore, in order to keep the animal in a good
nutritional status, the haematocrit was monitored and when the hacmatocrit returned 1o its
normal level, usually ”f‘équiring five to seven days, the next set of samples were taken. These
procedures agree with those of Rerat et al. (1980) who suggested that after the removal of 250
m! of blood, the haematocriﬂt dedlines thus nécessi}ating a rest period of at least two days before
further experimentation, is begun. -

In the pig, the relationship between dietary lysine coﬁcentration relative to plésma

lysine concentration varies ( Windels et alb., 1971, Davey et al., 1973). Davey et al. (1973)

found that the patterns of plasma lysine responses were inconsistant with the dietary protein
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intake of pigs at various ages. In the present study, the lysine concentrations reported in the

plasma were also variable, however peak concentrations were found at specific times after

feeding. The portal vein drains the small and large intestine, spleen and pancreas and it is

o
o

considered to be the main pathway of
s £
changes in lysine concentrations in this

\no acid absorption (Rerat et al., 1976). Thercfore,
7‘ife‘in should accurately reflect those amino acids of
diclar_{' origin.t) o

Studies involving quamitaliivé measurements of blood parameters ( Puchal et al., 1962:
Mitchell et al., 196&; Tvppo et al., 1970; Stockland et al . 1970; Rerat et al.. 1980) are difficult
to make because diverse surgical preparations and analvtical methods exist . ‘Venous

] n ' .

calheleriml_ion.las with other methods of measuring amino acid concentration. has limitations.
It is complex and time consuming because extensive surgical prcpar‘a[ion of the experimental
animal is'requircd before quantitative measurements can be made. It gives no indicatlion of the
amino acids absorbed and metabolized by the intestinal cell wall and hence not appearing in the
portal blood. A further consideration is that a distinction cannot be made between amino acids
of endogenous or dietary origin although tentative measurements havc’ been suggested (Rerat.
1973). ' ',‘i‘

In the present experiment there were no significant (P >0.05) differences between the
“ concentration and appearance of lysine and dietary treatment in whole blood or in plasma.
This suggests that free lysine, as a portion of the total dietary lysine, appears in the portal
blood at approximately the same time as protein bound lysine. While variétion in the portal
blood Iysine concentration between animals on the same treatment and within animals on the

same treatment must be recognized, of more importance may be the appearance of lysine at

approximately the same time for both of the dietary treatments.
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Table I11.]1 Formulation of the cxperimental diets.

Diet 1 Diet 2
Ingredients, %

Barley o 50.0 50.0 )
Wheat 315 31.5
Soybean meal 15.0 7.3
Cornstarch — 7.22 )
Calcium carbonate 1.0 | 1.0
Dicalcium phosphate 1.0 1.0
Mineral/vitamin mix* 1.0 20

Todized salt 0.5

Lysine HCI — \ 0.28

'The mineral/vitamin mix provided the following per kilogram of diet: 120.0 mg zinc; 48.0 mg

manganese; 100.0 mg iron; 10.0 mg copper; 0.1 mg selenium; 7500 I U vitamin A: 700 1U
/\
vitamin D; 45 [U vitamin E; 12 mg riboflavin; 40 mg niacin; 27 mg calcium pantothenate; 28 ug

vitamin B,,.
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Table 111.2 Proximate and amino acid analyses of the experimental diets.

{ , -

A\, Diet1 Diet 2
- N \
N,
Chemical analyses, % )
s
Dry matter o 90.9 91.1
Crude protein, N\ 6745 18.2 18.0
Ewer extract 1.2 1.3
Ash S 5.1
Energyv (kj/g) 16.3 16.3
Amino acids', %
Indispensable’
Arginine ‘ 0.95 0.9%
Histidine 0.42 0.3%
Isoleucine 0.63 0.62
Leucine 1.22 1.16
Lysine 0.82 0.83
Methionine 0.21 0.22
Cystine 0.17 ‘ 0.1%
Phenvylalanine 0.83 0.81
Threonine 0.62 0.59
Tvrosine . 0.42 0.42
Valine 0.68 0.70
A
F
Dispensable
Alanine 0.66 0.68
Aspartic acid ’ 1.39 1.32
Glutamic acid 3.56 3.5
Glycine 0.68 0.6%
Proline 113 1.07
Serine 0.81 0.77

‘Expressed on a dry matter basis.
‘Tryptophan was not determined.
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1V. The Application of Ileal Amino Acid Digestibilities in Practical Formulation of Pig Diets.

‘'

5 :
A. Introduction

Many >studies have been carried out to determine the digestibil‘ities of amino acids in
feedstuffs for pigs. In the past, the digestibilities of the amino acids were determined using the
fecal analysis method originally described by Kuiken ‘and Lyman (1948). Literauire values for _
amino acid digestibilities determined with this method are plentiful (de Meulaere and Feldman,
1960:‘Olsen et al. 1968). Amino acid digestibilities determined by the fecal analysis method

consider the difference betwig@ the amino acid intake and excretion in feces. However, this
method does not consider Lh;. modifying aetion of the microflora in the large intestine on
apparent protein digestion‘ and absorption. Studies by Zgbrowska (.1973) showed that both
imavci anc enzymatically hydrb]yzed casein infﬁsed into tt;e distal pari of the ileum-of pi‘gs fed“a
protein-free diet were digested, howgver, the absorbed material was r;;pidl}' and completely

, u
excreted-in the urine, i%Vhen casein was given per os, the levels of free amino acids in the pgrlal
blood were high and that of uréa low. Other reports clearly show that protein or amino acids -
infused into the large intestine make little or no contribution 10 the protein status of the pig
(Zet_ﬁrowska, 1975, Sauer, 1976; Just et al. 1981). Further evidence of the imense'fermematio.n
 that ocﬁurs in the large intestine of the pig is Lﬁe presence of 62-76% bacterial nitrogen, as a
percentage of total nitrogen in feces, correspondifi’g 10 3.1-6.5 grams bacterial nitrogen per
kilogram dry matter intake (Mason, 1980). Therefore, for the reasons outlined ,’ the ileal
an_élysis method rather than the fecal analysis method should be coﬁsidered for determining‘
- amino acid digestibilities. Amino acid digestfbilities determined by the ileal analvsis method are
calculated based on the intake and the amount of each amino acid passing through the distal
part bf the ileum. In these studies, digesta are collécted from pi%s' fitted with a simple-T
cannula or a re-entrant cannula at the distal part of the ileum.

Amino acid digestibility coefficients obtained by the fecal analysis method are, for most

amino acids in most feedstuffs, higher than those obtained by the ileal analysis method (Sauer
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et al., 1977; Ivan and Farrell, ]97‘-6.). In some of the studies, net synthesis of methionine and
lysine has been reported in the large intestine (ch;rowska et al., 1978; Low, 1982; Sauer et al.,
1982). Therefore, depending on the amino acid and on the f'cedstuff. digestibilities obtained by
the fecal analysis method over-estimate ( which is usually the case) or under-estimate those
obtained by the ileal analysis method. Lysine, the sulphur-cohtaining amino acids (methionine
and cystinc), threonine and tryptophan can be considered the most important amino acids in
' practical diet formulation, as these are often first-, second- or third- limiting in manv

.
Tcedstuf"fs. ‘Of these amino acids. cystine, threonine énd tryptophan usuall): disappear to a
large extent in the large intestine (Tanksley and Knabe, 1984).

Amino acid rcquiremgms of the pig afe usually determined by growth responses to the
addition of graded levels of the aniino acid in qhestion 10 a basal diet that is deficient in this
amino acid (Cole, 1979). However, based on this criterion, the Tequirements will be dependant
bn’ the digestibility of the amino acid in question in the basal diet. |

The objectives of the present studies were as follows:

(1.) to formulate-a basal diet that would show a large difference between the supply of
threonine as measured b_vAthe ileal and fecal analysis method. Among the indispenséblekamino
acids, threonine usually disAppears to the largest extent in thg large intestine.
(2.) 1o deterrhine the ileal and fecal digestibilities of the amino acids in the basal diel‘.
(3.) 10 delermi/'r’:ivé“ the requirement of threonine for groWing pigs, based on the supply of
threonine measured-.b_v the ileal and fe’cal analysis gethqd. _

,/’

B. Methods and Materials

Experiment 1: Amino acid digestibilities
Two trials, involving a total of 19 cannulated and non-cannulated pigs, were conducted
to determine the ileal and fecal amino acid digestibilities of two diets. In each trial, the pigs

were randomly allotted to one of the dietary treatments.
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The pigs were individually housed in adjustable Shinfield-type mletabolic cages in an
environimcmally controlled barn with continuous light and an air lemperature in the range of
19-21°C. Each cage \”avas equipped with a self -feeder and water was administered with the feed
ataratioof 210 1. .

The pigs were fed equal amounts twice daily at 0800 and 1600 hours. The a.m0um of
feed supplied was based on the individual Iiveweigm and expected liveweight gain of each pig..
The dietary intake was appfoximalcly 90% ad libitum‘(90g/kg body weight **) . Individual
weight gain and {ecd intake were adjusted at weeklv intervals during both trials.

The basal diet was formulated to contain 16.5% crude protein. The ingrediéms used to
formulate the basal diet were corn, hominy feed and meat meal. Previous digestibilitv trials
carried out at the Instituut l,ér'l.dbouw Onderzoek en Biochemie (1.1..0.B.) showéd these
ihgr_ediemsllo have a large difference between the Quppl_\' of Lhreonihc as determined in feces
and ileal digésta. A diet consisvt'ir'lg of corn and sovbean meal, with a similar protein content as
the basal diet, was included asa rcfc.rcncc. The proximate and amino acid analvses of the
individual dietary i‘ngrediems used in the formulation of the basal and reference diets are shown
in Table IV.1. The (lormulalion and proximartévand amino acid analyses of the complete b_asal
and reference diets are shown in Tables [ V.2 aﬁd V.3, respecﬁvcly. The amount of feed
ingredients needed for completing the entire experiment was obtained and stored prior to

initiating the experiment.

¢

Trial 1: Determination of fecal amino acid digestibilities
R This trial was performed with 1eﬁ barrows <;f the Dutch Landrace_x Great
o  Yorkshire cross (initial average liveweight of 75 kg). Five pigs were allocated to one of the
wo dietary treatméms (Table 1V.3). —
.The pigs were alloweq a minimum of 14‘ days-to adabt to the metabolic cages and
the dietary treatments. The 5 day fecal collection was initiated following the adaptation ”
-period. Feces was collected at 0800, 1200 and 1700 hours from each pig. Individual fecal v

samples for the total 5 day collection were weighed, pooled and subsampled. The



subsamples were stored at -23°C until further analyses.

Trfal 2 Detcrminglion of ile_:al amino aéid digcstibilitics

4 Ten barrows of the Dutch Landrace x G.reat Yorkshire cross (initial vaveragc
fiveweight of 35 kg) were surgically fitted with ileo-céca] re-entrant cannulac according to
thé"’i;_;}rocédures described by Easter and Tanskiey (1973). The cannulac .were constructed
f'ron_;-T pol&vinyl chloride plastiso!l with 2 20 mm internal diameter (Plate 1V.1 ). Initaliy,
there were five pigs per dietary treatment. However, due to post-surgical complicalidps,
one of the pigs fcd the reference digt was rémovcd from lthe trial,

A broad spectrum a'nlibiotic,was administered for S days following surgery and the
“pigs were allowed a miﬁimum recovery beriod of 21 days. The adaptation period to the
dict was initiated onl_\'.w'hen the pigs had fully recovered from surgery and returned to full
feed and water consumption.

Threc 24 hour digesta _collc;lions were made at different-intervals f‘oilowing all
dav adapiation bcriod. Collection of digesta was carried out on alternate days. The
re-entrant cannula was opened at the center (Plate 1'V.1) and polvethvlene tubing, 2 ‘
metres in length ahd § ¢m in diameter. was connected 10 Lﬁc proximal part of the cannula.

. ! ‘ -
Digesta was collected continuously through the polycth_vlénc mbiné Into a colle.clion
container packed in crﬁshed ice. During digesta collections. a rubvber plug was inserted into
thedistal end of the cannula:to prevém the backflow of digesta and to allow for the
infusion pf physidlogical saline (0.9% sodium chloride) into the cecum. In addition, the
infusion of physiological saline into the cecum during the collection ofldigesta prevented
dehydration that would result from the continuous removal of digeéta. Digesta were
collected hourly, weighed and frozén (-23_;‘(3) until further analyses. At the end of the

collection period the samples were thawed and the digesta samples from each individual pig

for the the total collection périod were pooled and subsampled.
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Experiment 2: Comparative growth trial '

This experiment was conducted‘ with 144 pigs of the Dutch Landrace x Great Yorkshire
cross. The animals were individuélly fed z;nd housed in groups of six in an ariificiall)' heated,
ventilated and lighted barn.‘ There was a ten hour light period from 0700 to 1700 hours. The
“pig.s were hoﬁsed in 2 x 3 metre straw covered concrete floored pens.

“; The divstribuu'on of the pigs over the treatments was performed upon their arrival to the
barn and based on initial livkweig’ht. genetic similarity and sex. ~T.hc pigs were distributed
among six treatments of 24 pigs each. There were two replicate pens of six females and two
replicate pens of six barrows. For both sexes the average initial livcwle'ight and their standard
deviation were equalized as“well as possible, At the onset of the experiment each treatmen: had
onc pen each of light females and light males (average liveweight of 15.2 kg) and heavy females
and heavy r;lales (average liveweight of 18.2 kg). A randomized block design was used 10
distribute the treatment groups in the barn. Upon their arrival at the barn, and prior to
cbmmencir;g the experiment, the pigs were dewormed with piperazine.

The experimental period Iastedﬂ nine weeks, from approximately 16 k‘g’ 16 approximately
55 kg liveweight. The piés were allowed 7 days to adapt to their environmentai conditions at
which time they were fed a starter die} with daily fn_crememal additions of the test diets.
Foliowing the adaptialion period, the pigs were fed the test diets in equal portions twice dailv at
0700 and -1530 hours. The pigs were individually fed according to a feeding scheme of 90g/kg:
body weight 7%, Thé dielary allowances were adjusted once weekly after individually weighing
each pig. Water was administered with the feed at a ratioof 2 to 1.

Based on the.resul‘lts of Experimeﬁt 1, the referen‘ce diet was supplemented with
L-lysine HC] in order to meet the ARC (1981) lysine feqﬁiremems. The Easal diet was
supplemented with both indispensable (with the exception of’[hréoriine) ana dispensable amino

5 .
acids,up to the supply of amino acids, as determined with the ileal analysis melh_od. of the

reference diet (Table I1V.4). Supplementation of the basal diet with other amino acids ensuréd

that threonine would be the limiting amino acid in the basal diet. Thereaflter, the basal diet,
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supplemented with amino acids, waé divided into five cqudl portions to which stepwise
additions of 0.05% (by weight) threonine were added 1o provide dietarv levels of 0.65, 0.70,
0.75 and 0.79% threonine in groups 111, IV, V and VI, respectively (Table I1V.5). In both diets
all of the amino acids met the ARC (1981) m;mcnl reqlzirémems For 20 to 50 kg growing pigs.
The composition of the dicts is shown in Table I'V'.4. The proximate analyscs and the amino
acid addiiions are shown in Table 1V .5,
Diet Preparation

All the feed ingredyicms were ground in a Wynveen hammer mill through a i.OO mm or
1.75 mms screen for Experiments 1 and 2. respectively. After grinding, the diets were mi.xed in a

200 kg horizontal mixer. Two representative samples were taken each time the diets were

prepared, sealed in plastic bags and stored at 4C.

1

Analytical l’rocedpréﬁ‘ ‘ .

Prior to'ichem\i'c;xbl anal_\:ses. all samples wcréu.\pbolcd, freeze-dried and ground through a
1 mm screen usinlg a Retsch ZMbl grinder. The diela;)z fngredkms, feed, feces and digesta were
characterized through chemicéi‘analysis for nitrogen us/iﬁg the Kjeldah! method accofding 4]
the Association of Analytical Chemists (AOAC, 1980). Amino acid analyses were carried out
by ion exchange chromatography: ‘f(.)llowing acid hydrolysis:(éN HCl for 24 hours) using a

\

Biotronik LC 2000 amino acid analyzer. )
Dry matter determinations were performed by placirfg a sa}nple in a forced-draft oven
"for 4 hours at 100°C. The sample wag coolgd in a dessication flask, reweighed aAd returned o
the oven for a further 2 hours or until a coﬁ’spa.n_t dr_\"weighl was oblaiﬁéd.
’ T
Statistical Analysis ¢

Responses to threonine additions were determined with a computer program Genstat

~using a non-linear regression calculation between threonine content in the diet and weight gain,
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feed conversion efficiency and feed intake.
C. Results and Discussion o

Experiment 1: Amino acid digestibilities .

In these studies it was decided 10 use pigs fitted wit'n re-entrant rather than with simple
cannulac. The use of re-entrant cannulac allowed for a total coliection of digesta. "PH.QSsible
problems that mayv occur when digestibilil,\: markers arc used were avoided. Howeve;; the use
of pigs fitled with re-entrant cannulac necessitates the diets be finely ground in order 1o
prevent blockage. Therefore, the diets used in this experiment were ground through a 1 mm
screen. Furthermore, the constant infusion of a physiological saline solution and the use of a
re-cntrant cannula with a 20 mm internal diameter, permitted unobstructed digesta flow and
collection. Comparative studies on the use of re-entrant cannulac versus simple cannulae on
amino acid digestibilnies detgrmined at the terminal ileum in pigs are rather limited. Zebrowska
‘etal. (1977) and Zebrowska et al. (1977a) showed no differences (in most instances) between
ileal amino acid digestibilities when either re-entrant or simple cannulae were used. Howevér. -
there were significant differences (P <0.05) in 12 out of the 72 comparisons (4 different diets,
18§ amino acidsl). Taverner et al. (1983) found no differences (P >0.05) between the dry
matter, nitrogen and apparent ileal digestibilities of an average of amiho acids in pigs fitted
with re-entrant and simple cannulae that were fed a wheat, lupin and meat angi bone meal diet.
However, the ileal digestibilities of the individual amino acids were not compared in the studies
by Taverner et al. (1983)-.

Digesta Co]lqc[ions from the terminal ileum were made without complications. The
digesta flowed easil_\‘ from the proximal cannula through the collection tube into the container.
The peak vczlumé of digesta (300-400 m! per hour) usually bccurred 3 to 5 hours after feeding

with the intervening periods resulting in a collection of 50-100 ml per hour.
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bor the reference diet, with the exception of methionine, the digestibility coefTicients
(percent of the amino acid digested) of the amino acidS were significantly (P <O;Ol) lower
when determined in ileal digesta than in feces (Table 1V.6). Of the indispensable amino acids,
the differences (percentage units) between the ilcal and fecal digestibilities ranged from 3.7 for
phenylalanine 10 10.9 for threonine. Of the dispensible amino acids, the differences
(percentage units) ranged from 5.1 for alanine to 16.0 for glycine. Of the indispensable amino
acids, the digestibility of thrEOnine was lowest, both in ileal digesta (73.3%) and in feces
(84.2%).

For the basal diet, with the exception of methionine, the digestibility coefficients of the
amino acids were significantly (P <0.01) lower when these were determined in ilcal digesta than
in feces (Table IV.6). Net synthesis of methionine inlthc large intestine (or similar ileal and
fecal digestibility coefficients) have been reported in other studies (Just, 1980: Taverner et al.,
1981a; Sauer et al., 1982). Of the indispensable-amino acids, the diffé;encc {percentage units)
ranged from 4.9 for phenvlalanine to 22.2 for threonine. Of the dispensable amino acids, the
differences r‘anged from 8.7 for alaniné to 22.6 for glutamic acid. Of the indispensible amino
acids, ihe ileal digestibility of threonine was lowest (56.9%). Measured in feces, the
digestibility of lysine was the lowest (.72.8%).

The digestibilities of the amino acids were lower in the basal than in the reference diet
whether measured in digesta or feces. Of the indispensable amino acids, the differences
(percentage units)‘ ranged from 16.4 for threonine to 6.8 for phenvlalanine when the
digestibility gocfficients were determiﬁed in ilcal digesta. Determined in the feces, the
differences (percentage units) ranged from 17.3 for cystine to 4.0 for leucine (Table IV.6).

As a result of diet formulation, and as was expected, large differences were obtained
- bel\ween the digesu’bilit)‘ of threonine as determined in ileal digesta and in feces in the reference

gnd basal diets.
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Experiment 2: Comparative growth trial

The hcalth of the pigs throughout thc trial was good although a small number of pigs
was trcaléd with anlibiotics to expediate their recovery from diarrhoea. No animals died over
the experimental period or were removed from the experiment .

The calculated and analyzed values of threonine in the basal diets correspond very well
(Table IV.7). The addition of thr‘eonine Lo the basal diets had a considerable effect on weight
gain and feed conversion efficiency (Table 1V §, Figures V.1 and 1V.2). Weight gain and feed
conversion efficiency were significantly (P <0.05) lower when the Lhreoninc content of the diet
was below 0.70%: no significant (P>0.05) improvement resulted when threonine was included
above this level.

No significalm (P>0.05) differences in weight gain and feed conversion efficiency were
observed between females and barrows over the 9 week experimental period or over all 6
experimental treatments. Therefore, the resul{; shown in Table I'V.§ represent those of the
combined sexes.

" The differences in ‘weighl' gain between the heavy and light groups were large. In
general, animals with a low initial weight grew less and had a lower feed conversion efficiency
than those with a high initial weight. Despite the formulation of the isonitrogenous and
isocaloric reference and basal diets and the additional supply of amino acids to t_he basal (}iet up
10 the ileal supply of the reference.diet. weight gain and feed conversion efficiency of the pigs
fed the reference dictv was more favourable than those fed the basal diet. This was due 1o the
lower feed imaké (Table I'V.8 and Figure 1V.3) and palatibility of the basal diets. Pigs fed the
reference diet grew faster and more efficiently (}’ <0.05) than those fed the basal diets.
Significant (P <0.03) differences in weight gain and feed conversion efTficiency were found
between treatment groups I, I1IYand I11. There were no significant (P >0.05) differences
between‘ treatments IV, V, and VI (Table IV.9).

No significam.(P>0.05') differences were observed with respect to sex, weight’cla%?‘gr

A

sex x weight class for feed conversion efficiency. Pigs on treatment I had a significantly lower

e

-~
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(P <0.05) feed conversion efficiency than those on any other treatment group except for thosé
on treatment VI, Trcatmcm group 11 had the highest feed conversion cfficiency followed by
treatment groups [T1, [V and V (Table 1V.9).

The inclusion f svnthetic amirl-l‘o acide adds to the cost of diet preparations and thus it
would be desirable to formulate diets in which.supplemental amino acids would be utilized 1o
»mmlcst possibie extent, l,_vsin‘i‘, threonine, tryptophan and the sulphur containing amino
acids are often the most limiting amino acids in cereal based diets for pigs and mav be
supplemented. Amino acid supplementation is based on requirements established by the NRC

-

(1979). ARC (1981 ) or AEC (1978). However, ghcsc requirements arc determined by growth
s .

responses to stepwise additions of the limiting amino acid to & basal diet and in view of the

results of the present experiment. an accurate estimation of the requirement of the amino acid

In question requires an estimate of the ileal digestibility of this amino acid in a basak diet.

In the present studies, the basal diet was formulated to show a large difference between

the supply of threonine, as measured by the ileal and fecal analvsis Rod. Theileal and fecal

*,

digestibilities of threonine were 56.9 and 79.1%, respectivelv. On a] tive basis. this

difference amounts o 1.4 g/kg dry matter. The total supply and t ] bésed on the ileal
and fecal_analysis method are shown in Tablé I'V.7. In these calculations, the digestibilitv :)f
synthetic threonine was assumed to be 100.0%. This was based-on results by Buraczewska et al.
(1978) who found the digestibility of synthetic lysine to be !O0.0%.

For growing pigs in the 20 kg liveweight range, the ingredients used in the proportions
to formulate diets I1, IT1, 1V, V and VI initially presented palatability problerﬁs and
consequently thére were feed refusals and diarrhoea for the ’first three weeks of the trial. This
is shown in the poor weight gain_ feed conversion efficiency“and fegd iﬂtake (Figures 1V.1,
IV.2 and V.3, respectively). This was less evident as the pigs grew larger because the diet

appeared to be more palatable and digestible. The cumulative weight gain of the pigs on each

of the dietary treatments is shown in Figure 1V .4,
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¥ Awerage darl\ garn was not 1mproved (P >O 05) when the threonine level in the dret
exceeded 0.70% in the present studies. Based on werght gain and [eed conversion ef fi 1crency
| Berende and Bertram (1983) suggest the threomne requirement of%rgs werghmo 15 to 45 kg to
range from 0.55 to O 63% of the diet. However, previous results by Taylor etal. (1981) have
" shown an lmprovemem in werght gain and .feed c:on\‘;ersron efl"rcrenC\ of female pigs weighing
2510 55 kg when the threonine content of the diet was mcreased from 0.47 10 0.67%. On the
»other hand, Sowers and Meade (197’) found 0.39 and 0. 37 % threonine in a corn based diet 10
result x}l optimum average daily gain and feed con’version efficiency, respectively. Contrary to
the threonine rcqurremems e\pressed by Berende and Bertram (198%) Taylor et al. (1981) and
Sowers and Meade (1972), a survey of the literature by l-(/dm/t%( l976)_suggests a threonine
requirement for growerf pigs weighing 20 to 50 l(g from O}?/{o 0.50%. Recent Arrleri‘can‘data :
‘ ECohen an'd Tanskley, 1977) suggest an optimum threonine_content'for grower pigs wlth an

‘average inilial weight of 17.7 kg 10 be 0.47% of the diet. Schuller and Voigt ‘(1976) reported

that dietary threonine levels of 0. 41 10 0.47% in a 15 lO‘]"% crude protein diet were sufficient
¥

©to meet the requrrementc of growing pigs werghmg 121035 kg Jensen (1981) and Aw Yong

and Beames (1975), on the other hand recommend threonine levels in the diet for growme plgs
to be O 45% and 0.57%, respectrvel\ |

Drscrepancres in the threonine requirement of growing pigs are evrdent between
European and American data. 'The ARC (1981) literature survey suggests the threonine
,‘requlrement for growing prgs 10 range from 0.56 10 0.60% of the dxet This is consrderabl\ .
hrgher than the threonme content of 0 459 recommended by the NRC.(1979) for 20 1o 35 kg
 pigs fed a fortified gram SBM dret ad libitum. The French AEC (1978) recommends a dretar)y
threonine content of 0.41% for growing pigs weighing 20 to 55 kg which is lower than both the
ARC (1981) and NRC(1979) recom'mendationsﬁ Possible explanations for these dis_crepancies\
) . should be addressed. The‘ma jor reason. for these dlf f erences may well relate to diff ereneea in

the digéstibllity of threonine in the basal diet. For exarnple‘, in the present studies, the ileal

digestibuilityv of threonine was low in the basal d'i‘et, 56.9% (Table I1V.6). Gpnsequently, the
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t(_)tz;l requirement of threonine was relatively high, 0.70—0.79% (Tables 1V.7 and IV .9).
However, based on the supply of threonine as measured by the ileal ‘anélysis method, the

‘ requirement was éonsidera'bly less and ranged from 0.39 10 0.49%. Based on the f ecabl analysis
method, the réquirement was intermediate and ranged from 0.52 10 0.62%. In addition, the
present studies show that requirements for threoniné should be related to the supply Qf

threonine determined in ileal digesta and not in feces. as shown by the large differences in the
e ’ ' . . . ' !
requirement of threonine.as determined by both methods.

4}

In conclusion, amino acid digestibilities determined by the ileal analysis method-appear

va

to reflect the amino acids available to the pig and should be considered for accurate diet

formulation. Furthermore, in the assessment of amino acid requirements, the digestibility of

N

‘the amino acid in question in the basal diet should be taken into account.
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Table IV.]1 Proximate and amino acid analyses of the dietary ingredients.

- Ingredient Hominy feed Corm Meat meal  Soybean
a - ' meal

Proximate analyses, %

“Crude protein, N x 6.25 13.38 864 57.99 45.70

Dryv matter 91.05 87.62 91.66 - 88.08
Amino acids’ *, % ‘ _ ra

Indispensable

Arginine : . 0.84

0.36 3.59 3.20
Histidine ) ~0.36 0.23 1.18 1.17
Isoleucine ' 0.45 0.33 1.79 2.26
Leucine - 1.10 1.14 4.49 3.60
Lysine H0.6] 0.3] 3.07 2.96
Phenvialanine "0.55 0.43 2.36 2.31
Threonine ' - 0.54 0.34 %2.41 1.95
Tyrosine , : 0.45 0.38 1.54 1.75
" Valine : 0.71 0.46 3.56 2.33
Dispensable . @
Alanine - _ 0.84 0.67 3.78 1.98
Aspartic acid o 1.01 0.58 *4.48 5.36
Glutamic acid ' 1.96 1.70 . 6.65 8.59
Glvcine . 0.68 0.31 5.78 1.92
Psoline 0.94 0.92 5.25 2.96
4. Serine 0.69 0.49 3.99 2.69
&'\55 &) .

'Expressed on a drv matter basis.
*Cystine, methionine and tryptophan were not determined.
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Table 1V.2 Formulation of the diets (Experimem 1). i

v

Ingredients, % ¢ Reference (%) Basal (%)
Corn 76.06 48.50
Hominy feed | R 40.00
So_vbea'rsl meal 20.91 ’ | _
Meat meal ) — 10.79
Calcium monohydrophosphate 1"_50 ‘ ' ‘ _
Calcium carbonate 1,0(; oy
Mineral!/vitamin® mix 0.50 * ~
lodized salt 0.30

*Total 100.00

'The mineral mixture contributed the following per kilogram: 12,000 mg copper; 16,000 mg
iron; 10,000 mg zinc; 4,800°g manganese; 80 mg cobalt; 80 mg iodine; 20 mg selenium.

“ ?The vitamin mixture_
IU vitamin D;; TR@.H
B,;; 2,000 1U

cg@"tribuled the following per kilogram: 1,000,000 1U vitamin A: 200,000
¥itamin B,; 3,600 mg niacin; 1,000 mg pantothenic acid; 3 mg vitamin
2780 mg vitamin K ,. :



Table I'V.3 Proximate and amino acid analyses of the diets (Experiment 1).
[}
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A

Reference

Basal
™
. - \Mf 1
Proximate analyvses, %
Crude protein, N x 6.25. 16.27 ;. 16.38
Dry matter , 88.72 88.75
Net energy (kj/kg), calculated 9828 - 9807
Amino acids', %
Indispensable. analvzed:
Arginine SRS 0.99 0.98
Histidine 0.43 0.37
lsoleucine 0.73 0.57
Leucine 1.5% 1.44
Lysine 0.78 0.63
Methionine 0.33 0.30°
Cysline 0.34 0.39
Phenvlalanine- 0.81 0.64
Threonine - 0.67 0.63
Tyrosine 0.62 0.52
Valine 0.83 0.85
Dispensable =
Alanine: 0.88 ; 0.99
Aspartic acid 1.51 - 1.08
Glutamic acid 311 237
Glycine 0.65 "« 1.00
Proline ' 1I3 137
Serine 0.92 0.89
’Expressed on a dry matter basis. ,,

*Tryptophan was not determined.
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Tablc‘IV.4 Formulation of the diets (Experiment 2).

.
-

Ingredient. % Reference ' Basal
Corn | , | na 38.23
Hoﬁin)' feed . ‘ D 40.00
Meat meal | — 10.70
Sovbean meal . ‘ : 20.91 —
Amino acid mix’ | 4.00 12.00
- Calcium monohvdrophosphate 1.87 ‘—
vCalcium carbonate, 0.68 0.27 |
Mineral*/Vitamin’ mix : 0.50 0.50
Iodizedﬁ"‘sall : 0.30 \ 0.30
Total o 100.00 100.00

. 'The amino acid mixture supplied per kilogram of the basal diet: 1.0 g I-arginine; 0.9 ¢
- L-histidine; 1.9 g L-isoleucine; 2.1 g L-leucine; 5.3 g L-lysine; 0.5 g L -methionine; 0.6 g

L -cystine; 1.8 g L-phenylalanine; 0, 0.5, 1.0, 1.5 or 2.0 g I.-threonine (basal diets 1 to 5:13¢
L -tyrosine; 0.8 g L-tryptophan; 0.8 g L-valine: 5.2 g L -aspartic acid: 9.9 L-glutamic acid; 1.8 ¢
L -glycine and 1.0 g L-serine. The non-essential amino acids were added to make all diets
isonitrogenous. Corn was used as the premix base. The amino acid mixture supplied per
kilogram of the reference diet: 3.2 g 1.-lysine. Hominy feed was used as the premix base.
“The mineral mixture contributed the following per kilogram: 12,000 mg copper; 16,000 mg
iron; 10,000 mg zinc; 4,800 mg manganese; 80 mg cobalt; 80 mg iodine; 20 mg selenium.
*The vitamin mixture contributed the following per kilogram: 1,000,000 1U vitamin A: 200,000
U vitamin D;; 700 mg vitamin B;; 3,600 mg niacin; 1,000 mg panthothenic acid; 3 mg vitamin
B,;; 2,000 1U vitamin E; 80 mg vitamin K,.



Table IV.5 Proxima'te and amino acid analyses of the diets ( Experiment 2).

Reference Basal
Proximate analyses, % |
Crude protein, N x 6.25 e 1627 16.38
Dry matter . 88.72 88.75
Net energy (kj/kg). calculated 9828 _ 9807
Amino acids', %
Indispensable: ' ’
Arginine 0.99 0.98%
_Histidine 0.43 0.50
Isoleucine 0.71 - 0.69
Leucine 1.60 1.5§
Lysine 1.12 1.19
Methionine 0.29 0.33
Cystine 0.35 0.33
Phenvlalanine 0.81 0.82
Threonine* 0.67 0.60
Tyrosine oo 0.61 - 0.60
Valine 0.81 0.88
. Dispensable . : | >
Alanine , 0.92 1.06
\ Aspartic acid . 1.50 1.60
Glutamic acid 3.17 3.32
Glvcine 0.64 1.22
Proline 0.98 0.95
" “Serine 0.89 0.83

N £
'Expressed on a dry matter basis.
"Tryptophan was not determined.
‘Threonine additions are shown in Table IV 4.
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Table 1V.9 Average daily gain and feed conversion efTiciency after 9 weeks (Experiment 2).

- Group ADG, grams : FCE
1 625 = 5.25d 2.19 + 0.01d
1 332 % 16.24a 3.33 % 0.07
11 405 = 10.86b 2.92 = 0.046
IV - 470 = 7.74c | 2.58 = 0.036¢
Voo 476 = 6.67¢ 2.61 = 0.02b¢
Vi S11 = 14.27¢ 243 = 0.02¢d

a.b.c.d Mcans * SE within column and with different letters differ significantly (P <0.05).
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A. The part of the re-entrant cannula inserted into the distai ond of the dleunm

B. The part of the re-'cm,ram cannula inserted into the cecum.
C. Tubing through which physiological salinc was 1hfused.

. Tubing comnecting the provimal and distal parts of the cannula

Plate’IV .1 Tico-cecal te-entrant cannula.
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\ V. Conclusion
L
Studies were carried out to surgrcall\ prepare pigs with permanent indwelling portal
vein catheters that would remain patent for 21 days and allow for continuous blood sampling
from conscious and unrestrained pigs. The success of venous catheterization was a function of
me surgical procedure and the material used for catheter construction. The proposed catheter
@icsign should rectrf\ some of the problems prevroush assouated with catheter malfuncuon

w

Ho.wesfer ther\ is a need to find new material for cdtheter construcuon that will allow for

“' g

"prolonged blood collection. Furthermore studies were carried out to determine in pigs fitted
wekh a catheter in the portal vein, whether lysine concentrations and time of maximum lysine
'appearance in the portal blood differed when either all the dietary lysine was supplied in the
protein bound form or when a portion of the dietary l)rsino was srrpplied as synthetic lysine.
Although there was considerable variation in the rcoulrs among pigs and between p'Q on the
same drctar)' treatment, there seemed to be oo.difference between portal blood lysine
conccntrg}ions and time of maximum lysine appearance when pigs were fed lysinc in the »form
of protein or when a portion of the dietary lj{si'ne was derived f‘rom‘supplememalv]ysine.

In the last experiment, studies were carried out 1o determine the threonine requirements

of growing pigs. A basal diet w:rs formulated that showeo a large difference beiween the
digestible thrtheonine content as determined by the iloal and fecal analysis method. These studies
showod that amino aoid digestibilities determined b‘y the'ilez;llanalysis method should be
considered for accurate diet formulation. In addrtion, in the‘l assessment of threonine

,

requirements, the digestibility of threonine as determined by ,the ileal analysis method should be

3

taken into account.



